INTRODUCTION
Since structural and topographical properties are typically not well known, it is appropriate to model them in a statistically random fashion.
In this paper, we use the ray theory of propagation, and the vertical plane containing the point source and receiver is taken normal to a two-dimensional rough bottom. The acoustic field at a point receiver is composed of individual ray arrivals which are transmitted from an omnidirectional cw source. In much of this study, ray paths between the source and receiver are determined by specular reflection from a bottom with large-scale roughness and from a horizontal ocean surface. Hence, all rays are coplanar. Because we are assuming an ocean of shallow depth, the water is taken to have constant sound speed and density. Our primary objective is to determine statistics of incoherent intensity at a receiver in terms of statistics of the bottom structure and topography. where
In Eq. (2), u'. is the normalized version of the total vertical distance u . 
and X = (2.5 -j)/l2.5-j| .
J5)
We turn next to our model for the structure of the bottom. We consider (n: ij variations in the horizontal xy-plane, both in the bottom density p and sound speed c at the ith bounce of ray r^^. We write
where p is the constant horizontally -averaged density of the bottom, p^ is the constant water density, and e.^ is a small random quantity. Similarly, C,/C;^' = (C/C,)(1* 6l3>) .
where c and c are the constant water sound speed and the mean bottom sound speed. The quantity 6_ is another small random variable. As discussed in The sound source S emits a unity -amplitude cw signal, which arrives at the receiver R along ray r . with amplitude a .. For the large-scale facet bottom, the received amplitude is taken to differ from unity because of geometrical spreading loss and bottom loss. Other losses could be included, but will not be considered here. We may write •nj where ^.. is given by 
where R,. is the reflection coefficient of r . at its i^^ bottom bounce. We 
II. INTENSITY MOMENTS
We consider two measures of the sound field at the receiver. These are the mean and variance of the incoherent intensity I, given by
n=0 j=l no * Because the losses experienced by successive ray arrivals grow rapidly, we need consider only those rays experiencing some number N or fewer bottom reflections. Specifically, we elect to neglect ray arrivals which have amplitudes less than 1% of the arrival with largest amplitude.
We wish to determine expressions for the mean and variance of I,
and
where E denotes expectation and I is a function of the five types of random variables introduced in Sec. I. We assume that the mean of each type is zero, E(.ij') = E(a5^"') = E(.<f) = E(aSf) = E(^"'Vo. (17) and that each type has a constant standard deviation,
ij ^ -a and o[<ij^') = o^, .
(18e) It is now possible to determine yd) and a^{l). Keeping through firstorder terms in the random variables for the mean, we have 9 -
In Eq. (21), A . and H fR + u . 1 represent the leading-order terms of the nj ^ nj ' bottom loss and spreading loss, respectively (see Eqs. (13) and (10)). No first-order terms appear in Eq. (21) due to the assumptions of Eq. (17) . We keep through second-order terms in the variance so that the standard deviation is correct to first order. Therefore, for the variance, we obtain an expression of the form
The quantities Y 0 , Vi^.On, , V 0 , and V ,a , in Eq. (22) represent symbolically the contributions to the variance from the bottom structure, depth deviation, slope, and curvature. After much manipulation, the coefficients can be found as the following formulas: 
where
and (n) ij 0= P^.j v^/p.c^ . and where Eq. {28b), the reflection coefficient on any given facet is nearly constant, with respect to grazing angle, for reflections in the specular direction. given R' value, the moment ratio increases as the mean bottom density increases When considering with high density bottoms, the moment ratio tends to decrease as the aspect ratio increases. However, this same conclusion does not hold for low density bottoms.
We found that structural variations in the bottom make a larger contribution to intensity variance than topographical variations, when the aspect ratio is small, less than about five. For aspect ratios more than ten, topographical roughness has the greater effect. When comparing effects of the different constituents of bottom topography, it was found that curvature causes significantly greater intensity fluctuations than either depth or slope deviations. This is a consequence of the tendency of curvature to focus and defocus ray bundles. Lastly, small-scale roughness is superimposed upon the large-scale facets, and we examined the effect on intensity induced by this feature. It is found for our model that only for aspect ratios less than about five does the added roughness significantly contribute to intensity fluctuations. The small-scale roughness tends to increase variance of intnesity. Other parameters as in Fig. 3 .
Fig. 8. Moment ratio M_ versus aspect ratio R' for three values of
a': p2 = 1.8 g/cm^. Other parameters as in Fig. 3 .
